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Vitrification is currently the only technique in the world capable of ensuring safe confinement of high 
activity nuclear waste that has been validated at industrial scale. Vitrification is therefore an essential step of nuclear 
waste management and of the future of nuclear energy based on sustainable fuel cycle. In parallel to technology’s 
research and development programs which aim at developing and optimizing the industrial vitrification processes, 
glass science plays a key role in the definition of the nuclear glass compositions and in their long-term behavior 
understanding under geological repository conditions.  
In the continuity of the first edition, this second summer school on glass nuclear wasteforms covered the strategic 
and scientific fields of the vitrification activity, with a focus on the material issues. The opening session presented 
an international overview of the industrial nuclear waste vitrification activities. Then, five technical sessions allowed 
the following topics to be particularly developed: 
x Vitreous state: from structure to properties 
The chemical composition of glass matrices for conditioning nuclear waste can vary widely depending on 
the nature of the waste, which has a significant effect on their structural, physical and mechanical 
properties, chemical durability, etc. A detailed understanding of these phenomena is increasingly possible 
through spectroscopic and numerical approaches. This session has described these approaches by reviewing 
the progress of knowledge in recent decades, and describing the latest developments made possible by 
advanced spectroscopic techniques (NMR, Raman, X-ray and neutron diffraction and scattering, etc.) and 
their interpretation by the modeling methods currently available (ab initio and classical molecular 
dynamics, reverse Monte Carlo, topological descriptions of the glass network). It has also be shown how 
increasingly precise knowledge of the glass structural characteristics clarifies the correlations between 
chemical composition, structure, and physical and chemical properties. 
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x Glass melt chemistry 
Crystallization, phase separation, and foaming are responsible for modifying the properties of the molten 
glass. They can affect the homogeneity of the melt and allow the production of heterogeneous materials 
with multiple applications in the field of glass-ceramics (Pyrex, Vycor, opal glass, porous glass, and glass 
for conditioning of radioactive wastes). Understanding these processes is a fundamental step toward 
controlling and managing the microstructure and morphology of glass intended for waste immobilization. 
This session has provided new knowledge of the mechanisms of nucleation, growth, phase separation, 
foaming, and chemical reactions in heterogeneous media. Classical nuclear theory, recent concepts, and the 
models used to describe these processes (Cahn and Hilliard model, phase field model, phase diagram 
modeling) have be explained. Examples of applications to the vitrification of high activity nuclear waste as 
well as very recently developed experimental methodologies have been described (in situ high-temperature 
methods, X-ray microtomography, environmental SEM, Raman microspectroscopy). 
x Physical glass melt properties 
The physical properties of molten glass are of primary importance in controlling vitrification processes. 
They are decisive for the operation of the vitrification process itself (glass reactivity, pouring, heating, etc.) 
and for the final glass characteristics (homogeneity). This session has provided a comprehensive overview 
of molten glass physical properties that must be controlled to ensure vitrification of nuclear waste, and of 
the academic knowledge available on this subject. The high temperatures and the large number of chemical 
elements in these liquids make them difficult to characterize. Innovative experimental setups have therefore 
been developed for physical measurements of glass at high temperatures. Faced with this complexity, 
predictive models of glass properties have been developed to formulate nuclear waste containment glasses. 
x Glass behavior in closed system, thermal stability and radiation effects 
Before groundwater comes into contact with the glass matrix, i.e. during the initial phase of deep geological 
storage, nuclear glass will be subjected only to the effects of internal irradiation (resulting from minor 
actinides and fission products) and to the thermal history of the waste package. The radiation field can be 
varied (depositing elastic or inelastic energy) and could lead to the accumulation of gas (He, O2) in the 
glassy matrix depending of the dose rate, temperature and glass chemical composition. In addition, the 
changes resulting from internal irradiation can affect the thermodynamic, physical and mechanical 
properties of the glass. This session has highlighted the current state of knowledge of the behavior of 
nuclear glasses in a closed system. The fundamentals of several important concepts relevant to this theme 
have been covered in general reviews, and more targeted presentations have shed light on recent findings. 
x Glass behavior in open system, leaching by water 
Glass is a thermodynamically metastable phase, and undergoes irreversible transformation into more stable 
phases, especially in the presence of water. In the perspective of the safety assessment of the future 
geological disposal, the challenge is to be able to calculate at what rate this transformation and the 
corresponding release of radionuclides into the groundwater will take place. The corrosion of nuclear glass 
arises from several coupled mechanisms: hydration, ion exchange, hydrolysis/condensation reactions, and 
precipitation of crystalline phases. These processes depend on several parameters such as temperature, pH, 
water composition and flow rate, and thus indirectly on other nearby solid phases surrounding the glass. 
Uncertainties remain on the rate-limiting mechanisms controlling the long-term rate (also called the 
residual rate) and those responsible for the resumption of alteration. The goals of this session was (i) to 
present the state of the art of glass corrosion mechanisms and relationships with the kinetic regimes, (ii) to 
discuss the effects of the main parameters influencing the mechanisms and rate, including glass 
composition effects, and (iii) to discuss ways to improve our current understanding and models. 
SumGLASS 2013 summer-school took place at the site of Pont du Gard, France, from 23 to 27 of September 2013, 
It gathered more than 120 researchers from 11 countries involved in nuclear waste vitrification activities. 
